DNA is replicated in a defined temporal order termed the replication timing (RT) program. RT is 2 7 spatially segregated in the nucleus with early/late replication corresponding to Hi-C A/B 2 8 chromatin compartments, respectively. Early replication is also associated with active histone 2 9 modifications and transcriptional permissiveness. However, the mechanistic interplay between 3 0 RT, chromatin state, and genome compartmentalization is largely unknown. Here we report that 3 1
3 7
are regions that showed limited RT difference between WT and KO or could not be called as 1 3 8 significantly different (Fig S4f, Methods) . 86% and 78% of the genome showed significant RT diff 1 3 9 in H9 and HCT116, respectively (Fig S4f table) . These results demonstrate a much more 1 4 0 significant effect of RIF1 loss on RT in both cell types than previously imagined. To examine the effect of RIF1 deletion on replication initiation within IZs genome wide, we 1 4 3 divided each IZ called in high resolution WT Repli-seq data into timing categories based on the 1 4 4 temporal position of the IZ peak in S phase (14) and plotted the cumulative percentage of DNA 1 4 5 replicated through S phase in both WT and RIF1 KO cells (Fig 1d) . WT cells showed typical 1 4 6 segregation of IZs according to the temporal order associated with steady state replication and 1 4 7 steep sigmoidal-like curves (14) while RIF1 KO cells showed major overlap of IZ classes and 1 4 8 7 1 as B to A (Fig 3b) . In both cell lines the compartmental switches lead to a more consolidated 2 7 2 appearance in the correlation matrix heatmap (Fig 3b) . Loss of A compartment interactions in 2 7 3
Hi-C contact maps corresponded to reduced H3K27ac peaks in both cell lines (Fig 3c (arrows) ).
7 4
Within all A to B compartment switches genome wide the level of H3K27ac was majorly 2 7 5 depleted in both cell lines (Fig 3d) . Genome-wide interaction pileups showed specific 2 7 6 interactions between H3K27ac peaks and all other H3K27ac peaks were drastically reduced at 2 7 7 A to B compartment switches (Fig 3e) . Changes in genome organization were not due to 2 7 8 changes in cell cycle distributions as RIF1 KD H9 hESCs exhibited similar changes to cell cycle 2 7 9 as KO ( Fig S1d, e ) without changes in genome organization ( Fig S2d, e, f) . These data strongly 2 8 0 suggest that depletion of active histone modifications, particularly H3K27ac, leads to loss of A 2 8 1 compartment interactions in RIF1 KO cells. (Fig 3f) . This was further confirmed when we called statistically 2 8 5 significant differential interactions (strengthened and weakened) using diffHiC (21).
8 6
Strengthened interactions were seen predominantly within the B compartment and weakened 2 8 7 interactions were concentrated in the A compartment in both cell lines (Fig S6a, b ). This is likely 2 8 8 the combined effect of strengthened interactions between upregulated H3K9me3 domains 2 8 9 within the B compartment (Fig S5f, g) and weakened interactions between downregulated 2 9 0
H3K27ac peaks in the A compartment (Fig 3e) . Together these data indicate a substantial 2 9 1 reorganization of compartments in accordance with epigenome changes in RIF1 KO cells. Fig S7d) , while the strength of TAD boundaries was increased in RIF1 KO measured by 3 0 5 insulation score ( Fig S7d, e, f) . Consistently, the ratio of intra-TAD/inter-TAD interactions was 3 0 6 increased in RIF1 KO, particularly in HCT116, ( Fig S7g) suggesting overall TAD strengthening.
0 7
ChIP-seq of the essential TAD protein cohesin's subunit Rad21 revealed largely unaffected 3 0 8 binding with a small number of up and down regulated peaks in both cell lines ( Fig S8a) .
0 9
Focusing on the interactions at common, up, and down regulated Rad21 peaks, we found that 3 1 0 boundaries were strengthened around common and up regulated peaks in both cell lines ( Fig   3  1  1 S8b). In HCT116, boundaries were strengthened even around downregulated peaks ( Fig S8b   3 1 2 left) suggesting changes in TAD boundaries were not due to changes in Rad21 peak intensity.
1 3
In H9 hESCs, we observed weakening of boundaries around the small number of 3 1 4 downregulated Rad21 peaks ( Fig S8b right) . However, such boundaries were weak boundaries 3 1 5
in WT and constituted a small fraction of total boundaries ( Fig S8b right and developmentally regulated genes in H9 hESCs ( Fig S9b) . However, H9 hESCs devoid of 3 2 6 RIF1 did not have significantly reduced expression of Oct4, Nanog, Sox2, Rex1, or any other 3 2 7 key pluripotency factors ( Fig S9c) , consistent with their ability to self-renew ( Fig S1c) S9d, e). Loss of late timing was not correlated with increased gene expression nor was loss of 3 3 3 earlier timing correlated with decreased expression ( Fig S9d) . Similarly, shifts from the B to A 3 3 4 compartment were not correlated with increased gene expression nor were shifts from A to B 3 3 5 correlated with downregulated expression ( Fig S9e) . However, the WT chromatin context of 3 3 6 differentially expressed genes did correlate with expression changes. In H9 hESCs where the 3 3 7 epigenetic landscape is plastic (26, 27) earlier replicating genes with strong A compartment 3 3 8 association in WT cells were likely to be downregulated while later replicating genes with weak 3 3 9
A compartment association in WT cells were likely to be upregulated upon RIF1 KO (Fig S9d, f) . gene expression changes in H9 hESCs ( Fig S9i) . As most genes that were differentially 3 5 5 expressed in HCT116 were associated with the A compartment and early replication in WT 3 5 6 cells, these TSSs showed changes in histone mark distribution similar to changes in the A 
5 9
However, changes in H3K4me3 levels did correlate with expression changes (Fig S9h, right) . In 3 6 0 summary, we found changes in histone modifications around the TSS were considerably more 3 6 1 predictive of gene expression changes than changes to RT and genome compartmentalization. likely to be assembled into heterochromatin (5). However, there has been no evidence for this 3 6 7 on native mammalian chromosomes due to the prior inability to manipulate RT. We found that 3 6 8 loci depleted for H3K27ac were in genomic bins that became later replicating on the population 3 6 9 level as a result of RIF1 KO (Fig 3g top) . Reciprocally, those few peaks that became more than RIF1 acting directly to control genome organization as has been previously proposed (11).
1 6
We also show that despite massive epigenetic de-regulation, cells proliferate nearly normally.
1 7
Since Rif1 KO mice die in utero after gastrulation (29), we speculate that RIF1 is needed to where bins assigned to the distribution with lower mean RPM were binarized to 0 (unreplicated) 7 7 1 and those that were assigned to the distribution with higher mean RPM were binarized to 1 7 7 2 (replicated). Heatmaps were generated by sorting according to copy number with the cell with hidden markov model was fitted to the fold enrichment distribution with tolerance set at 0.0001.
2 4
Implementation was carried out in Python using the hmmlearn package 8 2 5
(https://github.com/hmmlearn/hmmlearn). Each genomic bin was assigned a state using the 8 2 6
Viterbi algorithm. The state associated with the higher signal mean was inside H3K9me3 8 2 7
domain. H3K9me3 domain was therefore defined as continuous genomic bins associated with 8 2 8
the state of higher mean signal. were prepared and processed for Hi-C as previously described (36) using DpnII for digestion.
3 2
~1 billion 50bp paired-end reads were obtained for each subclone for both H9 and HCT116.
3 3
Reads were processed using HiCUP pipeline available from Babraham Institute replicated unreplicated a b S1 S16 S1 S16 S1 S16 S1 S16 
